INTRODUCTION
Immigrant populations are among the groups most vulnerable to health disparities in the United States.
1,2 One of the major contributors to these disparities is health literacy, 2, 3 which is defined as Bthe degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 4(p. 2) Combined with linguistic and cultural barriers, health literacy is a critical determinant of immigrant health, as it provides individuals with the motivation and ability to understand and use information to promote their health or manage health conditions. 5 Limited health literacy is associated with a lack of knowledge about health services, and this leaves individual immigrants vulnerable to underutilization of necessary medical care. 5, 6 For example, limited health literacy negatively affects the use of preventive services, 7, 8 adherence to medical instructions, 9, 10 and self-management skills.
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For immigrants, health literacy is closely associated with their English proficiency and their cultural health beliefs. For example, Sentell and Braun reported a prevalence of low health literacy among immigrants with limited English proficiency, and found that individuals with both low health literacy and limited English proficiency were more likely to have poorer health outcomes. 3 Cultural beliefs also shape health literacy. One study that examined cultural influences on health literacy, cancer screening, and chronic disease morbidity reported that immigrants' cultural beliefs can affect how they understand and behave in response to their care providers' instructions. 12 For instance, lower health literacy may hamper doctor-patient communication and lead to poor chronic disease management. 12 These studies suggest that health care providers should recognize that health literacy affects health outcomes and should consider how health literacy can be affected by a patient's English proficiency and cultural background.
A growing body of literature has examined health literacy and its impact on health outcomes. Schillinger and colleagues found that, when controlling for other associated factors, inadequate health literacy was significantly associated with poorer self-rated health status among patients with diabetes.
Two other studies also support the finding that inadequate health literacy may contribute to poorer health status. 10, 13 Other studies have shown that a lower health literacy level is closely related to a greater number of depression symptoms among adults with addiction. 14, 15 Despite these findings, the role of health literacy on health outcomes among immigrant populations has been understudied. Studies that do exist have typically focused on a single immigrant population group with a single health outcome variable. For example, one study that investigated predictors of and pathways to health literacy 16 included only Korean Americans. In this study, a higher level of education and having health insurance were found to be strongly associated with a higher level of health literacy. Kim and Yu, who also focused on a single ethnic group, found that Korean older adults with a lower level of health literacy were more likely to have poorer physical and mental health conditions. 17 Coffman and Norton studied health literacy and depression among Latino immigrants and concluded that new Latino immigrants were more likely to have lower health literacy, be depressed, and have lack of access to health care. 18 Although Asian American immigrants (hereafter referred to as Asian immigrants) as a whole may have a lower level of health literacy than non-Latino whites, 1, 2 little is known about the levels of health literacy among distinct ethnic groups of Asian immigrants. Furthermore, to our knowledge, no study has explored how health literacy across different subgroups of Asian immigrant populations has an impact on different health outcomes. The majority of previous studies 7, 8, 10, 11 have investigated the relationship between health literacy and self-rated health or depression. While self-rated health status is widely used in population surveys and has been shown to be a powerful predictor of morbidity and mortality, 19 symptoms of depression have been used comprehensively to assess psychological distress and well-being in Asian immigrants. 20 Our objectives in this study, therefore, were (1) to identify the levels of health literacy among five subgroups of Asian immigrants, and to compare these to the aggregated Asian immigrant group and non-Latino whites; and (2) to determine the affect of health literacy on two health outcomes, self-rated health status and depression symptoms, across these five subgroups of Asian immigrants when controlling for other relevant covariates. We hypothesized that the aggregated Asian immigrant group would have a lower level of health literacy than its non-Latino white counterpart. We further posited that heterogeneity among subgroups of Asian immigrants would lead to varying levels of health literacy. For example, Filipinos speak English as a native language, while Koreans and Chinese do not. Such language barriers might affect the capacity of certain subgroups to obtain, process, and use health information. We also hypothesized that those with a higher level of health literacy would have higher self-rated health status and lower levels of depression symptoms than their counterparts.
METHODS

Research Design and Data Source
The study used data collected from the 2007 California Health Interview Survey (CHIS). The CHIS is a telephone survey of the non-institutionalized population residing in California. It is administered in five languages (English, Spanish, Chinese [Mandarin and Cantonese], Korean, and Vietnamese), with oversampling of Asian Americans, 21 as 40 % of Asian Americans in the U.S. reside in California. 22 The 2007 dataset contains detailed questionnaires related to health literacy, as well as health conditions and health-related behaviors. The original sample included 51,408 adult participants aged 18 years and over, but our study sample comprised 33,668 participants, as we excluded non-Latino whites born outside the U.S., African Americans, and Latino Americans. Included in our sample were Asian Americans born outside the U.S. as an aggregated group and U.S.-born non-Latino whites. We excluded Japanese Americans due to a limited immigrant sample size. 3 The sample was then categorized into five subgroups: Chinese, Korean, Filipino, South Asian, and Vietnamese American groups (hereafter referred to as Chinese, Korean, Filipino, South Asian, and Vietnamese), with the non-Latino white group as the reference group. Overall, the sample comprised 30,615 non-Latino whites and 3,053 Asian immigrants (1,058 Chinese, 598 Koreans, 534 Filipinos, 416 South Asians, and 447 Vietnamese).
Instruments
Dependent Variables. Self-Rated Health Status. For selfrated health status, each participant self-reported his or her health status using a five-point Likert scale ranging from poor (1) to excellent (5).
Depression Symptoms. The CHIS contained six items asking about depression symptoms within the past 30 days, which were adapted from Kessler's psychological distress scale, 23 with responses to each item based on a five-point Likert scale ranging from all (1) to none (5). We re-coded these responses in the opposite direction such that a higher score indicated greater depression symptoms. We constructed a variable by transforming ordinal responses to these six items into one latent trait score using the graded response model (GRM). 24 After the transformation, the score ranged from −3.43 to 4.70. This score was then linearly transformed to a range of 0 to 10, with 10 indicating the highest number of depression symptoms. We used Winsteps software version 3.65 25 for this procedure. A transformation process using the item response theory (IRT) allowed us to overcome (1) potentially unequal intervals between response categories in the Likert-type rating scales and (2) issues associated with missing responses using maximum likelihood estimates. 26 Independent Variables. Health Literacy. The 2007 CHIS included two items assessing health literacy. The first question was, BWhen you read the instructions on your prescription bottle, would you say it is very easy (1), somewhat easy (2), somewhat difficult (3), or very difficult (4) to understand?^The second question asked, BWhen you get your written information at a doctor's office, would you say that it is very easy (1), somewhat easy (2), somewhat difficult (3), or very difficult (4) 28 We re-coded the responses in the opposite direction such that a higher score in response to these questions indicated a higher level of health literacy. We used the IRT to construct the health literacy variable ranging from 0 to 10, following the same procedure as explained above.
Control Variables. This study included a number of control variables. Continuous variables included age, educational attainment, and frequency of doctor visits per year. Categorical variables included gender, disability, limited English proficiency (LEP), and marital status. We controlled for severity of chronic conditions by summing the frequency of four chronic conditions, including asthma, diabetes, blood pressure, and heart disease, that were measured in the survey. Other controlling variables included health insurance status, number of years of being in the U.S., living in a rural area, and poverty level.
Data Analysis. First, we presented a univariate analysis to compare the levels of health literacy among non-Latino whites, Asian immigrants as an aggregated group, and the five different ethnic subgroups of Asian immigrants, using IBM SPSS software version 20.0. 29 Second, to investigate whether health literacy differed across these groups, we used the t-test for regression coefficients from simple regression analyses repeatedly with different ethnicity dummy variables (0=non-Latino whites, 1=each Asian immigrant group) with weighted health literacy values. Lastly, multiple regression analyses on health status and depression symptoms with health literacy using appropriate weights in each ethnic group were conducted. We entered health literacy as the last variable in these models to see if it was a significant contributor for health status and/or depression symptoms, when controlling for all other covariates. Due to the nature of complex sample design of the CHIS, this study used replicated weighting methods using Stata software version 12.0 30 that enabled us to produce unbiased estimates using a valid variance estimation. Table 1 presents sociodemographic characteristics of the population of the study sample. Asian immigrants were younger (50.26 years old) than non-Latino whites (57.39). The frequency of doctor visits among non-Latino whites was 5.42 times a year, higher than any Asian group. Koreans had the highest depression symptoms score (2.73), whereas Chinese had the lowest (2.17). 85.81 % of South Asians reported that their income was higher than 200 % of federal poverty line on average. Koreans had the largest percent of limited English proficiency (58.19 %), whereas South Asians had the smallest proportion (3.13 %). Koreans were the least likely to be fully insured in the past 12 months (69.40 %). Table 2 presents weighted health literacy levels across the different Asian immigrant groups. The Chinese group had the lowest mean health literacy score (6.00), while Filipinos had the highest mean score (8.48 ). In bivariate analysis, nonLatino whites had a significantly higher health literacy score than the Chinese (b=−2.30, p<0.001), Korean (b=−1.56, p<0.001), and Vietnamese (b=−1.76, p<0.001) groups, but there was no difference in health literacy score for nonLatino whites compared to Filipinos and South Asian groups. Tables 3 and 4 present multiple regression analyses of the association between health literacy and health status/ depression symptoms. Health literacy was significantly associated with health status among non-Latino white and aggregated Asian immigrants groups (p<0.01). However, when the latter group was disaggregated into five ethnic groups, only the Chinese and Korean groups showed health literacy as a significant predictor of self-rated health status (p<0.05).
RESULTS
Health literacy was significantly associated with depression symptoms among non-Latino white and aggregated Asian immigrant groups (p<0.01). However, when the latter group was disaggregated, only the Korean and South Asian groups showed health literacy as a significant factor for depression symptoms (p<0.05).
DISCUSSION
This study investigated the levels of health literacy across five different Asian immigrant subgroups and the association between health literacy and different health outcomes. Our findings confirmed our first hypothesis, that varying levels of health literacy existed across five subgroups of Asian immigrants. On average, the mean health literacy score for nonLatino whites (8.30) was significantly higher than that of the aggregated Asian immigrant group (7.11) (p<0.001). However, when Asian immigrant subgroups were disaggregated, health literacy fluctuated across the groups. For example, only Chinese (6.0), Korean (6.73), and Vietnamese (6.54) groups had significantly lower levels of health literacy than nonLatino whites, with the Filipino (8.48) group reporting the highest level of health literacy. These findings are consistent with a previous study demonstrating that these three Asian immigrant groups possess the lowest level of health literacy across Asian immigrant subgroups. 3 This is not surprising considering their higher prevalence of limited English proficiency. 31 Findings from the multiple regression models confirmed our second hypothesis, that Asian immigrants with a higher level of health literacy would have a higher self-rated health status and a lower level of depression symptoms than their a. Health literacy scores on a scale from 0 to 10 b. Null hypothesis is that the regression coefficient of ethnicity dummy variable is equal to zero, which is to test weighted mean differences in a given dependent variable, health literacy.
counterparts. For self-rated health status, health literacy played a significant role in the aggregated Asian immigrant group. However, when we disaggregated Asian immigrants into five groups, health literacy was significantly associated with selfrated health status only in the Chinese and Korean groups, with a positive association between health literacy and selfrated health status. This may reflect that Asian immigrants with limited health literacy are less likely to seek health care services (such as preventive services) or are unable to comply with treatment recommendations. If this is true, a higher level of health literacy would lead to higher and more appropriate use of health care services, and theoretically, better health status. Our finding confirms that of a previous study 11 in which inadequate health literacy was reported to be significantly associated with worse health outcomes among patients with diabetes.
For depression symptoms, health literacy was a significant factor for the aggregated Asian immigrant group. Again, when the groups were disaggregated, health literacy was significantly related to depression symptoms only in Korean and South Asian groups. Unlike the relationship with self-rated health status, there was an inverse relationship between health literacy and depression symptoms. This finding is in line with previous studies, 14,15 which reported that a lower level of health literacy was associated with worse depression symptoms. Asian immigrants with a lower level of health literacy may be less knowledgeable about preventive psychosocial care or mental health services available to treat depression, resulting in poorer mental health outcomes. Interestingly, no significant relationship was found in the Chinese group, which could be due to their unique cultural background and expression of depression symptoms. The Chinese generally adhere to Table 3 Confucian values that emphasize modesty, emotional restraint, and social conformity, and this may have caused them to underreport symptoms of depression. [32] [33] [34] Interestingly, despite the difference in levels of health literacy between the Filipino and Vietnamese groups, (8.48 and 6.54, respectively), health literacy was not significantly associated with either self-reported health status or depression symptoms. We conducted post hoc power calculations after running multiple regression models in order to examine whether sample size could explain the insignificant link. However, we found that we had a sufficient sample size in each Asian group to conduct subgroup analyses. It is possible that in Filipino and Vietnamese groups, health literacy may not be an important factor for improving the two health outcomes, or that there may be other important reasons to explain the relationship between health literacy and the two health outcomes.
Our study also revealed that Koreans were the only group with a significant association between health literacy and both health outcomes. This finding demonstrates an urgent need for targeted intervention efforts oriented toward Korean ethnic groups to promote health literacy and thereby improve health outcomes. One way to improve health literacy among Koreans would be to provide health information (e.g., prescription bottles, written information, etc.) in native languages in clinical settings. Given that Koreans have the lowest overall English proficiency, this effort could have a critical impact on health outcomes. Developing and implementing community-based health literacy education programs offered in Korean may be another way to provide this group a better understanding of and better access to physical and mental health services in their own communities.
Several limitations should be noted for interpreting this study's findings. First, results may not be generalizable to Asian immigrants residing outside California. Second, variables in self-reported questionnaires such as health literacy, health status, and depression symptoms are subjective measures, and can lead to measurement biases such as recall bias. 35 Moreover, responses to both self-perception of health and depression symptoms may have been influenced by cultural backgrounds. As has been noted previously among Chinese groups, if each ethnic group interpreted survey questions differently due to differences in cultural understanding, measurement errors would be unavoidable. Although the CHIS was conducted using reliable translated versions in multiple Asian languages for surveyed community members, 21, 22 cultural differences may still exist. Furthermore, it is possible that among Asian immigrants, the two questions used as proxies of health literacy could be measuring other issues such as general literacy, uncorrected vision problems, cognition, and language concordance, which may have led to differences among groups that are unrelated to health literacy.
Despite the limitations, our study advances existing literature with the findings that (1) heterogeneity clearly exists in levels of health literacy across different Asian immigrant groups and (2) health literacy affects health outcomes differently across Asian immigrant subgroups. For the aggregated Asian immigrant group, the level of health literacy (7.11) was significantly lower than that for non-Latino whites (8.30) . However, when groups were disaggregated, only three of the five Asian immigrant groups were found to have lower health literacy levels than non-Latino whites. The variation may explain why Asian immigrants as a whole have lower health literacy levels than non-Latino whites. Moreover, while health literacy was significantly associated with both self-rated health status and depression symptoms among the aggregated Asian immigrant group, it was a significant factor for health outcomes only for Chinese, Koreans, and South Asians. This finding suggests that information generated from the aggregated Asian immigrant group may mask the true health disparities faced by each Asian immigrant group individually. Findings from disaggregated data enable us to prioritize our intervention efforts and give primary attention to these most vulnerable groups. Further research is needed to better understand the causes of such heterogeneity, as it can be critical to understanding the social determinants of immigrant health.
